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ABSTRACT

Cocoa, the fruit of Theobroma cacao plant is traditionally used in the folk medicine
as a pharmaceutical for blood pressure reduction and cardiovascular diseases
prevention. The nuclear receptor peroxisome proliferator-activated receptor gamma
(PPAR-y) 1s widely known to improve insulin sensitivity and is thereby being used
as a major drug target for the treatment of type 2 diabetes mellitus. The present
study investigated the anti-diabetic/anti-obesity effects of cocoa polyphenol-rich
extract (CoPE) using obese-diabetic rats (Sprague Dawley rats). Sprague Dawley
rats received either normal diet, high-fat diet or high-fat diet with additional cocoa
polyphenols for 8 weeks. After the end of the treatment, body weight, plasma
glucose and nsulin were measured. Furthermore, mRNA and protein levels of
PPARy were measured in skeletal muscle and white adipose tissue. Compared to
the high-fat diet group, increases in body weight, plasma glucose and insulin were
significantly suppressed for CoPE-treated groups. Furthermore, compared to the
high-fat diet group, the PPARy mRNA level was significantly higher in both
skeletal muscle and white adipose tissue for CoPE groups. Protein expression of
PPARy in CoPE groups was also significantly higher compared to the high-fat diet
group. In conclusion. the anti-diabetic mechanism of actions of CoPE along with
metformin hypoglycemic drug is partially attributed to increase expression of
PPARyinskeletal muscle and adipose tissue. These results suggest that CoPE could
be a useful phytomedicine agent for alleviating insulin resistance.

Key words: Cocoa polyphenol extract, insulin resistance, phytopharmacologlcal
actions, metformin, PPAR-y gene expression, PPAR-y protein
expression level

INTRODUCTION

Diabetes mellitus is a metabolic disorder with multiple
causes and etiology that is characterized by hyperglvcemia
and insulin resistance. Type 2 diabetes is globally increased
and comprises over 90% of diabetes cases (Gershell, 2005;
Wild et al., 2004). Diabetic patients frequently demand to use
natural medicines with anti-diabetic properties due to the side
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effects associated with the use of insulin and conventional
drugs. Utilization of medicinal plants for the management and
treatment of diabetes mellitus dates back to the Ebers papyrus
from approximately 1550 B.C (Holman and Turner, 1991;
Rao et al., 1997).

Scientific research has proven the efficacy of many of
medicinal plants, some of which are remarkably effective
{Grover et al., 2002). Theobroma cacao 1s a small evergreen
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tree belonging to the family Malvaceae that is widely found in
the deep tropical region of the Americas. Medicinal uses of
cocoa were reported in Europe and New Spain from 16th to
early 20th century (Dillinger et al., 2000). Cocoa extractisrich
inpolyphenoclic compounds, namely catechin and epicatechin,
dimer, trimer, tetramer and up to tetradecamer (Maleyki and
Ismail, 2010). Moreover, methylxanthines, namely caffeine,
theobromine and theophylline, have also been identified n
cocoa (Kelm et al, 2006). The significant amounts of
biocactive compounds that have health-promoting properties
have become an area of interest. Many researchers have
demonstrated the health benefits of cocoa polyphenol-rich
extract based on in vive and in vitro studies (Amin et al., 2004;
Kurosawa et al, 2005; Bisson ef al, 2008; Maleyki and
Ismail, 2010; Ruzaidi et al., 2005, Al et al, 2014a). The
mechanistic action towards metabolic syndrome is believed to
be linked to PPAR-y.

PPAR-7 1s a member of the nuclear receptor superfamily
of lhigand-activated transcription factors, a family that
includes the steroid, retinoid and thyroid hormone receptors
(Keller et ai., 2000). The gene for PPAR-y was originally
cloned in both homology-based screens for novel nuclear
receptors and as part of a search for transcription factors that
regulate adipocyte differentiation specific genes. It is also
involved in fatty acid storage and is activated by natural
ligands such as leukotrienes, prostaglandins and fatty acids.
PPAR-y expression can either increase or decrease the
transcription of genes by for insulin sensitivity and
adipogenesis, adipocyte differentiation, inflammatory process
and cell proliferation (Kodera et al., 2000).

Previous studies demonstrated that cocoa beans possess
hypoglycemic and hypolipidemic properties by reducing blood
glucose and the lipid profiles of rats with induced diabetes
(Amin et al., 2004; Ruzaidi et al., 2005; Malevki and Ismail,
2010) indicated that cocoa supplementation could reduce
short-term blood glucose as assessed by an oral glucose
tolerance test and had a protective effect by reducing lipid
peroxidation levels. Moreover, the health benefits of cocoa
polyphenols have been shown in human climcal trials
(Cooper et al., 2008). These trials clearly indicated that cocoa
supplementation could reduce blood glucose as well as the
lipid profiles of diabetic animals. However, hmited studies
have been performed on diabetic-obese rats using a
combination of high-fat diet and a low dose of streptozotocin
(STZ) that mimicked human diabetes in relation to PPAR-y
expression. Hence, this study was conducted to evaluate the
phytophramacological activity of CoPE along with metformin
hypoglycemic drug in retarding the progress of diabetic
development through PPARy activation in diet-induced Ob-db
rats.

MATERIALS AND METHODS
Materials: Cocoa powder was purchased from KL Kepong

(Cocoa Products) Sdn. Bhd, Selangor, Malaysia. Rats were
purchased from A. Sapphire Enterprise, Sri Kembangan,
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Selangor, Malaysia. Raw materials for diet formulation were
obtained from ICB Biolab, United States.

Chemicals and reagents: Chemicals, reagents and kits for
analysis were purchased from Sigma Chemical Co. (US),
Wako Diagnostic (Japan), Randox Chemical (UK), GE
Healthcare (UK), BioRad Laboratory (US) and Cayman
Chemical {US). Antibodies for Western blotting were
purchased from Santa Cruz (CA, USA). Kits, primers and
reagents for RT-PCR were purchased from Invitrogen (USA)
and Promega (USA).

Methods: Preparation of cocoa polyphenol-rich extracts
{CoPE). Cocoa extract was prepared according to our previous
studies (Maleyki and Tsmail, 2010; Ali et al., 2013). Briefly,
cocoa extract was stirred with 80% (v/v) ethanol for 2 h at
room temperature and then filtered using filter paper
(Whatman paper No. 4). The ethanolic residue was removed
from the cocoa extract using a rotary evaporator (Buchi
Rotavor R-200, Flawil, Switzerland) at 55°C. The resulting
extract was lyophilized using a freeze dryer (The Virtis
Company Inc., Gardiner, NY, USA)at-45°C and 120 bar. The
cocoa extract was analyzed for its bioactive compounds using
a High Performance Liquid Chromatography (HPLC) system
{Agilent 1100, Palo Alto, USA) equipped with an auto
injector, degasser, quaternary pump and DAD. A reversed
phase C-18 column (Alltech, Licosphere, United States)
{250=4 mm, 5 um 1.1D) was used for the separation of bioactive
compounds with a gradient elution of (A) water-trifluoroacetic
acid (99.9: 0.1, v/v) and (B) acetonitrile-trifluoroacetic acid
(99.9: 0.1, v/v) (Natsume et al., 2000). A flow rate of
0.8 mL min™" with a linear gradient elution of 0-10% (A) for
5min, 10-25% (A) for 25 min and 25-100% (A) for 5 min was
used for analysis. The amount of catechin, epicatechin,
caffeine and theobromine (mg g fraction) was quantified on
the basis of external standards (100-1000 yg mL ™).

Animal study: Forty-eight Sprague Dawley rats (weighing
150-200 g) were purchased from A Sapphire Enterprise,
Selangor. Experimental design approval was obtained
from the Animal Care and Use Committee (ACUC:
UPM/FPSK/PADS/BR-UUH/00344) of the Faculty of
Medicine and Health Sciences, Universiti Putra Malaysia.
The rats were acclimatized for 1 week at room temperature
(26-28°C) under a 12 h dark: 12 hlight cvcle. All the rats were
given normal diets and distilled water ad fibitum. The rats
were randomly divided into 6 groups with 8 rats each (n = 8).
This study was carried out for 20 weeks and diet intake, body
weight and height (anal to basal length) and plasma glucose
levels were recorded. Obesity was induced in Groups 3-6
using a high-fat adjusted diet consisting of 49% fat, 32%
carbohydrate and 19% protein (Maleyki and Ismail, 2010;
Alietal ,2014b) calories (kcal) administered for three months.
Normal rats were given normal rat chow (14% fat, 61%
carbohydrate and 25% protein calories). Body weight was
recorded weekly to confirm the development of obesity. The
obese model was developed after 12 weeks of the high-fat diet.
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Rats were injected with 35 mg kg' body weight
streptozotocin to induce diabetes. The plasma blood glucose
was checked after three days after STZ injection and later
checked weekly to ensure that the rats developed
diabetes. Rats with fasting plasma blood glucose levels of
>120 mg L~ were used in this study. Sixhundred milligrams
CoPE per kilogram of body weight was given to the Ob-db
rats in Group 5. The does was selected based on previous
studies by Amin ef al. (2004) and Maleyki and Ismail (2010).
A conventional treatment (Metformin) at dosage of
500 mg kg™ body weight (Adam ef af., 2010) was given to the
Ob-db rats in Group 6 as a positive control. Cocoa extract and
metformin were given daily by gastric intubation using a
force-feeding needle.

Oral glucose tolerance test: Atthe end of the study, rats from
each group were subjected to an oral glucose tolerance test
(OGTT). The OGTT was performed to determine the short
term effect of cocoa extract administration on Ob-db rats
(Group 5). Glucose (2 g kg ') was intraperitoneally
administered to rats fasted for 16 h. Blood samples were
collected through the tail vein without anesthesia 0, 15, 30, 60,
90 and 120 min after the administration of glucose solution.
The results were expressed as mmol L' and the curve
response of each group was plotted. Then, the Area Under
Curve (AUC) was determined using  GraphPadPrism
version 5.

Blood collection for biochemical analysis: Blood was
collected through the retro-orbital plexus under general
anesthesia at week 13 (after STZ injection for all groups
except ND and Ob) and week 21 (after cocoa extract and
metformin supplementation in Ob-dbtcocoa and Ob-dbt
metformin). Approximately 7 ml. of blood was collected in
different blood collection tubes. Blood for plasma glucose
testing was collected in tubes containing potassium oxalate as
an antiglycolysis agent. Blood for insulin and lipid profiles
was collected in tubes containing lithium heparin as an
anticoagulant. Blood samples were centrifuged (1000xg for
15 min at 4°C) and plasma was stored at -80°C until use.

Determination of lipid profiles and plasma glucose and
insulin levels: Fasting plasma glucose and lipid profiles were
determined using commercially available kits from ROCHE,
UK. The optical density developed during this assay was
measured using a chemical analyzer (Hitachi 902 Automatic
Analyzer, Hitachi, Japan) and the results were expressed as
mmol L™, The fasting plasma mnsulin level was determined
using the Rat Insulin Biotrak Assay System.

PPAR-y protein expression (SDS-PAGE analysis and
Western blot): Tissues were excised, weighed and
immediately frozen in liquid nitrogen and stored at -80°C until
processing. Protein was extracted using complete polytron
homogenization in extraction buffer containing protease
inhibitor followed by 10,000 rpm centrifugation at 4°C for
30 min Protein concentration was assessed by the
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bicinchoninic acid technique (Pierce, Rockford, IL).
Electrophoresis was then performed using the method
described by Tkarashi et al (2011). Basically, the prepared
protein samples were resolved by 10% SDS-polyacrylamide
gel electrophoresis (SDS-PAGE). After electrophoresis, the
resulting gel was electro blotted onto a polyvinylfluoride
membrane (Millipore Corp., Bedford, MA) followed by the
blocking of non-specific binding sites with 1.0% skim milk for
2 h at 4°C on a belly shaker. The membranes were then
immunoblotted using an anti-human PPAR -y rabbit polyclonal
primary antibody (1:500 dilution; Santa Cruz Biotechnology,
USA in blocking solution) overnight at 4°C. After that, the
membranes were washed using TBS-Tween (20 mMTris-HCI,
137 mMNaCl and 0.1% Tween 20, pH 7.6). The resulting
membranes were then incubated with anti-rabbit secondary
antibody conjugated with horseradish peroxidase (Santa Cruz
Biotechnology, CA, USA) for 2 h. The specific immune
complexes corresponding to PPAR-y were visualized by
enhanced chemiluminescence (Gel Imagine CHEMI-SMART-
3126, France). PPAR-y protein levels were normalized to
P-actin. The membranes were reprobed with anti-actin
primary antibody (Santa Cruz Biotechnology, CA, USA)
after stripping with 5 mlL. stripping buffer and incubation
for 15 min at 50°C. The membranes were washed,
re-incubated with the same secondary horseradish
peroxidase antibody and detected using the same procedure
as described above.

Statistical analysis: The data 1is expressed as the
Mean+Standard deviation. Multi-group comparisons in the
in vivo study were performed using ANOVA and Duncan’s
test. The statistical analysis of protein expression was
performed using Image J software. The mRNA expression
analysis was performed using Rotorgene 600 series software.
Analyses were performed using the SPSS statistical software
package (SPSS Inc., Chicago, IL). A p-value <0.05 (p<0.05)
was considered significant.

RESULTS

CoPE improves plasma and oral glucose tolerance in
Ob-db rats: CoPE was extracted and showed a high phenolic
content of 129.9 mg GAE/g extract. The high phenolic CoPE
content 1s in agreement with the findings of Maleyki and
Ismail (2010). The effects of CoPE were first demonstrated on
plasma glucose by comparing the levels before and after
treatment. Table 1 shows that the level of plasma glucose in
Ob-db+cocoa and Ob-db+metformin significantly (p<0.05)
decreased, with a value of 7.1 and 7.82 mmol L7},
respectively. However, the levels remained higher in
STZ-injected groups (ND and Ob-db), with a range of
22.1-25.3 mmol L™ and in non-injected groups {N and Ob),
with a range of 7.4-8.0 mmol L™ at the end of the study. As
shown in Fig. 1, treatment for more than 10 weeks with CoPE
inhibited the increase in glucose levels in Ob-db+cocoa rats
30-120 min after glucose loading while it had no effect on
Ob-db control rats.
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Fig. 1: Oral Glucose Tolerance Test (OGTT) of the rats at the end of animal study. Area under curve (AUC, mmol L™) values
with different letters are significantly different at the level of p<0.05. N: Normal, Ob: Obese, ND: Normal diabetic, Ob-db,
obese-diabetic; Ob-dbtcocoa, Ob-db+600 mg cocoakg ' bady weight, Ob-db+metformin; Ob-db+500 mg metformin/kg
body weight, *Significantly different from treated group *Significantly different from untreated group “Significantly
different from both treated and untreated groups

Table 1: Body weight, plasma glucose, insulin and lipid profiles of the experimental rats at the end of the animal study

Parameters N Ob ND Ob-db Ob-db+Cocoa Ob-db+Metformin
Body weight (g) 491.20+£33.81° 563.30=14.15° 3182.70+£25.65° 435.00+55.84% 439.50+48.18° 432.50447.18*
Plasma glucose (mmol L") 7.41+0.73* 8.00+036° 22.13+5.57° 25.35+4 26° 7.10+1.56* 7.82+1.08*
Insulin level (uU mL™") 31.04+6.96* 31.93+7.54* 16.51+4.52° 18.63+4.50" 21.36+3.42° 19.35+5.21°
Total cholesterol {mmol L~") 1.31+0.22° 1.91+0.24° 1.20+0.37* 2.26+0.27° 1.08+0.26* 1.14+0.50°
Triglycerides (mmol L™ 0.68+0.11° 0.67+0.14° 1.91+0.79 2.02+0.38" 0.55+0.22° 0.64+0.35°
HDL-c (mmol L") 0.61+0.04* 0.52+0.11° 0.15+0.08° 0.24+0.03° 0.45+0.05° 047+0.08°
LDL-c (mmol L") 0.33+0.10* 0.35+0.03" 0.54+0.25" 0.70+£0.15" 0.29+£0.04° 043£0.07*°

Values are expressed as the Mean + SD. Means with different letters within a column are significantly (p< 0.05) different. Baseline values are after receiving a
high-fat diet in all groups except N and ND and after STZ injection in diabetic group (ND, Ob-db, Ob-db + cocoa and Ob-db + metformin) and final values are

after treatment with CoPE and metformin supplementation

CoPE improves insulin levels and lipid profiles of Ob-db
rats: Improvement in plasma insulin sensitivity and lipid
profile status resulted in a considerable change in diabetic
type 2 conditions. After 8 weeks of supplementation with
CoPE, the insulin level was not significantly increased
compared to the Ob-db control group. However, the total
cholesterol, triacylglycenide and LDL-c¢ levels decreased
significantly {p<0.05) under the influence of CoPE and
metformin treatment. Moreover, CoPE and metformin treated

animals also showed a significantly elevated HDL-c level
(p=<0.05).

PPARy mRNA expression (Quantitative real-time PCR):
RNA from adipose tissue was extracted using the RNeasy®
Lipid Tissue Mini Kit according to the manufacturer’s
protocol. The resulting solution was diluted 50-fold using TE
buffer. Total RNA from isolated skeletal muscle was extracted
using the RNeasy® Fibrous Tissue Mini Kit (Qiagen, USA)
according to the manufacturer’s instructions. The RNA was
then treated with RQ1 DNase (Qiagen, USA) at 37°C for
30 min followed by extraction with phenol-chloroform and
ethanol precipitation. The quantity and quality of total RNA
(g mL ) were checked by measuring the absorbance using
a Biophotometer (Eppendorf). First-strand c¢DNA was
generated using SuperScript II Quantitect® Reverse

WWW.ansinet.com

Transcription Kit (Qiagen, USA). PCR was performed on a
thermocycler. cDNA samples were diluted 1:20 and 10 ul. of
the diluted c¢cDNA was used in each 25 uL real-time PCR
reaction using the QuantiFastTM SYBR®Green PCR Kit
{(Qiagen, USA) with a Rotor Gene 6000 Real Time PCR
System and the Absolute Quantitation method. The genes
examined were PPAR-y (156 bp; sense: 5’-CAT TTT TCA
AGG GTG CCA GT-3” and antisense: 5°-GAG GCC AGC
ATG GTG TAG AT-3") and P-actin (348 bp; sense: 5°-CCG
ACA GCA GTT GGT GGA GC-3” and antisense: 5°- GGT
CTC AAG TCA GTG TAC AG-3"). The results of
quantitative PCR analysis were analyzed using the software
supplied with the Rotor Gene 6000 System. A standard curve
for each primer set was generated in each assay and used to
derive the copy number of target sequences in unknown
samples. f-actin was selected as an internal standard. All raw
data was expressed as the ratio of the selected gene to f-actin.

CoPE enhances PPAR-y mRNA expression in the
adipocytes and the skeletal muscle of Ob-db rats: The
SYBR Green dye assay was used to analyze PPAR-y
expression. The level of gene expression was determined by
the 274°T method which represents the normalized target gene
expression that equals the mean fold change in gene
expression. The data tabulated in Table 2 showed the level of
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gene expression in different groups of rats in both adipose
tissue and skeletal muscle. Based on the mean fold change,
Ob-db+cocoa group had significantly (p<i0.05) increased
PPAR-y gene expression (overexpression) in both adipose
tissue and skeletal muscle compared to the other groups.
Ob-db and Ob-db+metformin rats also exhibited significantly
(p<0.05) increased levels of PPAR-y gene expression in both
adipose tissue and skeletal muscle. However, the N and Ob
groups exhibited a lower level of PPAR-y gene expression in
both skeletal muscle and adipose tissue. The ND group had the
lowest PPAR -y gene expression in skeletal muscle but no data
were obtained for ND adipose tissue because no sample was
collected in the chronic diabetic condition. The gene
expression levels can also be expressed using the log cDNA
copy number (Fig. 2) for each sample of the different rat

—A4CT

Table 2: Data analysis using the 2

groups. There was no significant difference in the levels of
PPAR-y gene expression calculated by the mean fold change
or log ¢cDNA copy number.

CoPE enhances PPAR-y protein expression in the
adipocytes and skeletal muscle of Ob-db rats: PPAR-y
protein expression was determined by Western blotting as
shown in Fig. 3. The effect of CoPE (600 pug mL™") on both
the adipose tissue and skeletal muscle of rats showed an
increase in PPAR-y protein expression compared to the N
group. The group receiving metformin (500 pgmL ™) (positive
control) showed a similar PPAR-y expression level compared
to the CoPE group in adipose tissue but was slightly lower in
skeletal muscle. Ob-db rats exhibited significantly (p<0.05)
enhanced PPAR-y protein expression in both adipose tissue

method. The fold change in expression of the target gene (PPAR-v) relative to the internal control gene (B-actin) was

studied. The samples were analyzed using real-time quantitative PCR (Rotorgene 600 software) and the CT data were imported into Microsoft Excel.
The mean fold change in the expression of the target gene was calculated (AACT = ACT sample-ACT calibrator) where 22*°T = normalized target gene
expression = mean fold change in gene expression.(A, adipose tissue; B, skeletal muscle)

Sample CT HEK CT GOIACTAA CT2-AACT ‘Mean fold change
Calibrator 27.110 26.94 -0.170 0.000 1.000 1
N 26.975 27.80 0.825 0.995 1.995 2
Ob 27.495 28.51 1.015 1.185 2274 2
Ob-db 22.510 24.765 2:758 2425 5370 S
COb-db+cocoa 24.190 2741 3220 3.3%0 10483 10%*
Ob-db+metformin 28.435 30.69 2235 2.405 5.296 5
Calibrator 4.690 4.64 -0.050 0.000 1.000 1
N 2.960 442 1460 1.510 2.848 3
Ob 4.830 6.00 1.170 1.220 2329 2
ND 6.250 6.80 0.550 0.600 1.516 2
Ob-db 10.060 11.97 1.910 1.960 3.891 4
Ob-db+cocoa 9.120 11.61 2490 2.540 5816 &F
Ob-db+metformin 5.950 8.17 2.220 2.270 4.823 3
*Regulation of target gene (PPAR-Y), *Most upregulated mRNA of target gene

PPARYy PPARY

_

1.2 @
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0.4+
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:
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Fig. 2(a-b): Mean mRINA levels PPAR-y in the, (a) Adipose tissue and (b) Skeletal muscle of different group of rats. The cDNA
values were calculated and the amounts shown (log copy number of cDNA) represent the mean of values determined
in triplicate. The mean values of cDNA copies were corrected with respect to the reference gene (P-actin). The
presence of a single RT-PCR product was verified by 2% gel electrophoresis for its specificity. *p<0.05 vs.

normal (N)
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Expression of PPAR-y protein inrat, (a) Adipose tissue and (b) Skeletal muscle. The protein extracts were subjected

to immunoblotting by the PPAR -y antibody and levels were normalized p-actin. Levels in the control were arbitrarily
assigned a value of 100.0. All values are sigmficantly different at the level of p<0.05. Protein contents were
determined using the bicinchoninic acid method with BSA as a standard. *p<0.05 vs. normal (N)

and skeletal muscle, whereas the control and Ob groups
showed little effect. The identity of the band was confirmed by
its apparent molecular weight. There was a significantly
(p<0.05) lower expression of PPAR-y protein in the skeletal
muscle of the ND group compared to the N group. No
comparison to the ND group can be made because no adipose
tissues were collected in the diabetic normal condition.
Overexpression of PPAR-y protein in the CoPE treatment
group suggested that CoPE could be a good regulator of
glucose and lipid metabolism.

DISCUSSION

The partial mechanism behind the phytopharmacological
and the pharmacological actions of both CoPE and metformin,
respectively, is simultaneously evaluated in the present study.
The expression level of PPAR-y has been considered as a
therapeutic target to improve insulin resistance (Fumnsinn and
Waldhausl, 2002). In the last decade, a new anti-diabetic drug,
thiazolidinedione (TZDs), has been discovered as a PPAR-y
molecular target and is being used clinically; it appears to act
by increasing insulin-stimulated glucose uptake in adipose
tissue and skeletal muscle (Otto et al., 2002; Alietal., 2014a).
The side effects of conventional drugs have caused researchers
around the world to attempt to find a natural and traditional
treatment of type 2 diabetes mellitus (Bailey and Day, 1989),
case reports on the use of traditional plant medicines have
indicated improvements in quality of life as well as

WWW.ansinet.com

314

prolongation of life in diabetic patients. Medicinal plants
such as Averrhoa bilimbi leaf extract possess definite
hypoglycemic, hypotriglyceridemic, anti-atherogenic and
anti-lipid peroxidative properties in STZ-diabetic rats
{Pushparaj ef al., 2000, Baba et af., 2007, Bnouham et al,
2006; Shirwaikar et al, 2004) also reported that
Annona squamosa leaf extract has a protective effect via the
reduction of body weight, plasma glucose and serum
insulin in streptozotocin-nicotinamide type 2 diabetic rats. In
addition, American berry and Gymnema yunnanense extract
also exhibited anti-hyperglycemic activity ina diabetes model
(Xie et al., 2002, 2003).

The present study results indicated that Ob-db rats treated
with 600 mg CoPE/kg body weight can effectively control
hyperglycemia and  hyperinsulinemia by significantly
reducing plasma glucose and improving insulin sensitivity as
well as lipid profiles (Table 1). Research by Amin et al. (2004)
and Ruzaidi ef al. (2005) demonstrated that cocoa extract
possesses hypoglycemic and hypolipidemic properties by
reducing the blood glucose and lipid profiles of rats with
induced diabetes. In addition, a study by Maleyki and [smail
{2010) indicated that cocoa supplementation could reduce
short-term blood glucose as assessed by an oral glucose
tolerance test. Moreover, dietary supplementations with cocoa
liquor proanthocyamding  dose-dependently prevent the
development of hyperglycemia in diabetic obese mice
(Tomura et al., 2007).

The major polyphenolic compounds in CoPE can act
as natural PPAR-y ligands. This effect on the protein and
mRNA expression of PPAR-y in the adipose tissue and
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skeletal muscle of Ob-db rats was demonstrated here. The
present study showed that CoPE and metformin possess an
effective role in preventing the progress of type 2 diabetes by
improving lipid metabolism and glucose homeostasis through
the upregulation of PPAR-y expression. Adipose tissues
showed higher PPAR-y expression levels compared to skeletal
muscle; thisreveals the importance of PPAR -y in adipogenesis
and adipocyte remodeling. According to Guo and Tabrizchi
(2006), the upregulation of PPAR-y in adipose tissue results in
an increase in glucose transporter-4 (GLUT4) and ¢-Chl
associating protein (CAP), both of which are key in
enhancing glucose uptake and translocation GLUT4 to the cell
surface. The muscle is the primary organ for insulin-stimulated
glucose disposal which regulates glucose homeostasis.
Significant increases were observed in PPAR-y expression
levels. Cha et al. (2001) stated that increased PPAR-y
expression correlates with enhanced insulin-stimulated glucose
uptake into the muscle mediated by translocation of GLUT4 to
the cell membrane and increased insulin-stimulated P13K
activity. The significant increase in PPAR-y expression of
muscle in CoPE-treated Ob-db rats was most likely due to
augmentation of insulin-stimulated glucose uptake.

PPAR-y is also known as a key gene in diabetes and plays
an important role in maintaining homeostasis in glucose
metabolism. According to Willson et al (2000), PPAR-y
activation is associated with improved insulin sensitivity. This
effectreflects the main mechanism underlying the anti-diabetic
efficacy of PPAR-y agonists. The present results showed that
CoPE dose-dependently enhanced PPAR-ymRNA and protein
expression in both the adipose tissue and skeletal muscle of
Ob-db rats compared with rats fed a normal diet {(Fig. 2 and 3).
According to Huang et af. (2005), improved glucose tolerance
in ZDF rats via PPAR-y induction was associated with
improved insulin receptor sensitivity. In the same context, a
link between improvement of insulin sensitivity and blood
glucose reduction as well as upregulation of PPAR-y
expression has also been shown, most lkely due to
ligand-binding activation of PPAR-y (Yin ef al, 2009).
Polyphenolic compounds in CoPE act as high-affinity ligands
for PPAR-y and as insulin sensitizers. In addition, the
activation of PPAR-y in adipose tissue and skeletal muscle by
its endogenous ligand could be required to maintain the insulin
sensitivity of these tissues.

Importantly, this study has revealed the phytotherapeutic
effects of cocoa polyphenolic extract and pharmacological
activity of metformin by elevating the expression of PPAR-y
in both adipose tissue and skeletal muscle. This result is
particularly positive because cocoa is a natural product that
could possess anti-diabetic activity without any long-term side
effects compared to conventional drugs. The cocoa extract
seems to offer potential as a plant extract that 1s useful for
alleviating metabolic syndrome. Metformin also has the same
effects as cocoa extract; however, a number of patients may
experience some side effects from taking metformin. The most
common side effects are gastrointestinal upset, including
nausea, vomiting, diarrhea, indigestion, stomach discomfort
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and headache. A rare but serious side effect is lactic acidosis
which can be life-threatening. Moreover, people who take
metformin over the long term can develop vitamin
B12 deficiency. All the side effects of metformin are why
cocoa-derived polyphenols may be a good potential
therapeutic agent against diabetes n the future (Staels and
Fruchart, 2005; Gershell, 2003).

Overall, in this study we investigated whether changes in
gene expression could be translated into changes in protein
expression. However, protein expression does not always
correlate with mRINA expression for many reasons such as
mRNA instability, post-translational protein modifications,
mRNA silencing, protein complex formation and different
biological or experimental protein and mRNA degradation
rates that might affect their correlation (Al et al, 2013;
Ikarashi et al., 2011, Alfonso et al., 2002).

CONCLUSION

This study have partially demonstrated the molecular
mechanism underlying the Phytopharmacological action of
CoPE compared with the pharmacological action of metformin
in vivo, suggesting an enhanced action of the extract and drug
in the hyperglycemic state. The hypoglycemic and
hypolipidemic effects of both CoPE and metformin have been
mediated through PPARy upregulation in blood and tissues. Of
particular important, effects on glucose levels, insulin
secretion and sensitivity are insufficient to explain their
hypoglycemic action, with most evidence reporting that the
major effect of the drug is on glucose utilization.
However, to better understand the molecular mechanisms
of polyphenols from cocoa along with metformin, hepatic
glucose output and the systematic insulin sensitivity in blood
should be investigated as well In addition, molecular
investigations using omics technology to determine the global
insulin-responsive genes and their transcription factors
modulation are necessary. Finally, it is also worth to study the
double pharmacological activity of natural compounds and
medication drugs on insulin receptor and glucose transporting
system in both diabetic individuals and animal models.
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